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‘1’hc (;lobal l’osilionin.g  Syslcm (GI’S) was cmccivcd  and dcJILlold  pt ilnat  ily as a poinl  positioning sys-
km for military USC. 11 1]:]s  ncvcrlhclcxs  sj)aw’ncd H ,grcat nuI I Ibct  of civilial]  Ilws lh:I[ go fat bcymd  the
original point  posi[ionins a])plicalion. While IIN)S1 01 the.sc  applicalio]ls  r(m:liil  in the arm of positioning
or ciis(ancc  IIIc:IIsIIIL:I)ICII(,  thcm has rcccntly  bmI milch intmxt  in using (he sig, nals broadcast  by the GPS
snlcllilcs  to pmbc atmospheric pmpmlics.  in particular, it has been pIop(Mt’d  10 usc the CIPS to estimate
the amount of prcxipilablc  water vapot (1’WV) ill Ihc :itmosph~m  at the rcceivcl Ioc:i[im. “J’his  is possible
bccnusc.  of lhc relatively strong effect of ntmmspheric W:ttet-  vapm cm (I)L’ It:tnsmissim  of G1)S signals. in
practice, these cffccls must bc inclu(ic{i  ii) the ohwrvational  n]micl li]a[  is uscci when GPS (iata :Irc
pItKcsscci  to CXl im:it c. gcocict  ic p:tr:imct  CIs. ‘1’ilcsc Cffcc[i  al L’. usual ly  lll[)(lcicd as 1111 cffcxtive.  mni(h
sif,nal “(ic]dy”  on tile ti]uc  of arrival of tile (il)S siglm]s  , IIy Ilsit]g  suI f:tcc IIIC:ISLIICIIIelltS  of atmospheric
pressure aiI(i tc]]lpcra[urc,  it is possibic  to rlmovc,  the clfcds of the. ciry tropospilcl’c”  froln tilcsc.  tolnl  (iclay
cs(ilua(m  :Inci  rccovcr tim so calimi  m]i[h  “wet {iclay” (iuc to W:itc.] Vilpol  211011C. ‘i’iw PWV is ciimctly
]I]oj>c)l[iol):ll”  to li)is Y,cniti]  ciclay,

W itil tiw a(ivcnt  of rapidly cxpzmciin~, nctwmiw  of cot)t inuousl  y opcmling ( ;}’S rcccivm, there bas bcc.n
growing interest in using the. ciala Iccmicd  by ihcsc I (’ccivcrs to ]Irovi(ic  I ouI inc c.stimatcs  of pmipitablc.
walcl  vdpor. ‘I$ilis  il:is  been li]c impdus  fol a nutnbrr of slucii~s comparill: the estitn:itcs  of this quantity
cicrivcci  from [;1’S ci:iI:I  with those oblainc[i  frot]l  rtt(iiosomics  01 walct v;ij)(u  ra(iiomc(crs.  ‘J’hc rcsu]ts  of
li]csc stu(iics  il;lvc gcmraily  silown t h a t  (il’S-baw(i  csti])mtcs  of pr~’cij~ilable  water vapor arc o f
co]np:lrdb]c  nccuriicy  to those (icrivc(i  fi oil) Iilcsr mow  corlvet]lion;il  tcci)niqucs.

oilc of tilt’ 11)os[  :I(iv:iilt:igcolis  aspccls 01 ;1 (il’S-b;ivxi  systcm for 1’WV cs(inl;t[ioi]  is the poten(i:ii  for
pro(iilcillg  :ICCLII:IIC  cslim:ites of 1’WV ii] iIc:iI IC;I1 timr (-i -3 Ilotir  cicl:iy). I’iccipi(:iblc  water v:ipoi  ci:itti
ovL’r i:ii)ci, for  iIsc in i~i)incric.:il  wcxilhc I plmiiclioli$ :irc I1OM ot~t:iiilr{i  frtIIH [i nctwoik of twice ciai]y
ra(iiosoil(ic  ldunchcs. Assimil:itioii  o f  IIIOIC  f’i(’qu(hn(  1’WV Li;i(;I  I_i’t)i]i  (il)S.  b:isc(i obscrva[ioi]s  mig,ht
sigllific:iil[ly  iiupi(}vc  forcc:is( iiccuracy  f(}i c(’.r(iiin w’ciitiwr  con(litioils, IIcc:iusc  of t h e . i i  :i~itoi)mllous

opci:ition,  GI’S-b; iscci I’WV s y s t e m s  can also i)c locate(i  in rcnlolc  rc’giotls  }Vi]cit:  rL’g,uial  rt](iiosoil(ie
l:ILillcilcs  :iic I)ot pr:ictic:il.

‘1’IJcIc’ :irc ti]rcc m:iiil  coInpoi~cIIIs  of [I nc:ii  real  tiinc systcii~  f{~r obt:iiniilg,  (;l)S-b:iscci  cstimzitcs  of 1’WV.
‘1’hcsc iilci[icic:

1. A inc:ins of iclitibly  lr:ii~sfcrrii]~  botli till [iPS :iii(i  siiif:ice  t~lrtcoic)log,ic;ll”  {i:i[:i  fi on] rcnmtc  sites to {i

cci][idi  proccssinf,  faciii(y. ‘1’his  citila tr;itlsfcr  shoul(i occut ;Iuton]:ilic;illy  :1( prcxic.signatcci  intcrv:iis.  It
is picfcirtxl  [h:il both tiw G1’S :inci silrftlc(:  Imtcoro]ogy”  (i:il:i bc. comi]ii~e(i  u’ililin  tlw s:imc  (i;i[:i  strc:iin.

2. A (i:i{:i  h:imiliiig,  sys(cin, loc;iicxi  [II thr ccIItI:ii  pioccssing f;icility,  tii:i[ \vili foriluit  the. ci:it<i, perform
ini[i:ii  qti;iiity  ciIccks,  ai)(i m:ike (hc (iat;i  :tv:iil:ib]c  for ti~c atliilysis  st:l:,c MIIIcrc  the I’WV wiiucs will bc

CS(il)MICd.  ‘] ’hi S ]):11”[ Of thC SyS(C1ll  ;IISO  C()])tl()]S thl’ ~illlillg  Of t]lC d:l[tl  tl’illl  SfCl fl’olll  thC  l’L~l]K)tC Si~CS.
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3. A d:Ita nnalysis  systcm that can pmvidc  accIIIa(c cs(i]natc.s  t)f 1’WV inl]mdiatc]y  alkr G1’S aIId surfiicc
meteorology da(a arrive. at the. ccmtial  pmessing  facilily. ‘1 ‘k most csw]lt  ial compmcnl  of this pwl of
(I)C syslcl]l  is a means of obtaining acct  It alc G1)S Mc]lik OI bits.

‘1’IIc first two components of this systcm C: III bc. act:i])lcd  with 1 illlc or no nlo(lilicdt  ion from the infr:Mruc  -
turc that tms bcn cstablishcxl  for (IN existing, skkil  IIctworks of (;1’S  Icccivcts, Al[hough these llCtWOlkS
were dc.signed sole.ly for geodetic applicatiot[s, OIIly tl]c ad(li(io])  of rc>]ativcly itlc.xpcnsive  surf am
mckwrology  scnsms at Ihc rcccivcr locations is Icc]uitc.d  to Nld the ctllmbill[y  for pmluction  of nc:tr  rclIl
time I’WV cslilmtc,s.

‘1’hc  third coInponcnl  of (his syslcn]  rrquilt’s  at I 211crII:ilc appt ~mch  to tllc ])] t)ccssing  of the G1’S dala than
is now used ill the operational sys(cn~ d~’si~ncxl  fol gcmictic ;~pplicalions. ‘J’hc S[:IIKLIKI  method used in
geodetic  :Inalyscs, as it is pmselltly  it]ll>lc]l]c]]t~’cl,  requires a Ionr, delay tilllc  (- I 8 hollrs)  to allow
processing of GI’S dnta from a g]ob:illy  dislriblllcd set of IL’CCIVCIS (0 cstitn:itt’  plccisc G1’S orbits. ‘Iksc.
orbi(s  arc thm used to process data from alt othc I situ. lkc:tlIsc of the Ion{! dcl:Iy (imc rcquird  for mbil
cstimtion,  such a syslcm is unsuitable fol gcnc]:ttill~,  IICaI  rcwl  time cs[im:~{cs  of I’WV. A Mar KXil time
systcm requires th:Il  G]% orbits of sufficient accLIIacy  bc availablr  al tlIL’ time that clnt:l arrive at the
processing ccntcr. Llllfo]tlll]:ilcly,  the bmdc:ist  orbi(s  tha( arc rccmdcd  by [k (il’S rc.ccivm do not have
sufficient accuracy to provide useful l’W\~ cslimks.

Wc :irc  investigating two alkrntltivc :Ipprwichcs  to IIIC staII&iI  d ~co[ic.[ic  prt)ccssit]g,  of GPS d:ltfi  that  can
provide l) Cill’  I“c:ll tilnc I’WV estimates. ‘1’lIc filst of lhcsc uses “prcxiidcxi”  (il’S orbits to cstimak  1’WV
from the [;1’S  ami surface mctcoro]ogical  (idta. “1’iIc i>miictmi  orl)its :it(’ oblainc(i  by propagating folw:ir(i
ii] time ti~c cqii:itims of motion of tile [;1’S  snt(:]iitcs  lisii]p. ti~t inost  rtailt  cstiln:itcxi  orbits [is iilitial  con-
(iitions. S i n c e  prcxiictcxi orbits  can bc oblaiimi :11 any (in IC, witi]oul  tlIc nc.c(i for flir(hc.i G1’S (iatzi
i~ioccssiilg,  tilcy :iw well siiitc(i  for usc ii] a llc.:ir  mii tiinc  l’\VV cstiiil;itioil  systcm. ~’ilcre  ai’c two iwin-
cip:il (ii:iwixicks  in using prmiick{i  orbits for C;l’S-b:ise{i  l’W\l c.stimitim. ‘J ‘hc first  of tivxc rusu]ts fioin
{icgi.;i(i:ition  ill the oibit:il  :iccLir:icy  thtit OCCLIIs :IS tb~’ IcII:,III of tile i~i~xiiciiotl  i)crioci incmiscs.  Bcctiusc
tile accuracy  of the 1’WV cstimitcs  is ciiirc(iy  l“ClillCd  10 Ihc 01 bit:il  ;iccLirticy,  tilr :iccuracy  of the resulting
I’WV Cstiil]:itcs  is :ilso (icgrti(ic(i. ‘1’iiis  (ic~iii(lat  imi c:in  bc alicvi[itc.d  i]y I {J(iiicing  tile prmiict  ion imrioci
ti]rougil ill]i>lo}’cll]ci]ts  in the efficiency of t I]c OI l)it cstim:ilion  procc.ss

Anoti~cr  (iifficiiity  with tisiiig  prc~iictcci  oibits  ii~ ti~is :ipplica(ion  is ciiIe to tile  :ibsci)ce  of s:i(cllitc  clock  ii)-
foimitioi]  in ti)c  pmiictc.d orbits. IIccausc d (i]c I:iIiciom  II:Iliire  of tlic s:itcliitc  clod drift,  it is not
possible 10 prop:  ig:itc  ti]c G1’S satcilitc  cl(wk  p:iI:iiiwlcis  foiw:ii(i  iil tillic.  lo]  this ikxison it is ncccss:iry to

climimitc tile satcliite clocks  by formiil~,  (ii fl’cicnccd  oi>scrvcitions  lviti~  (i;  ita  l’ioIII anoti]cr site th:it  h;is
obscivcci  tim s;iim set of s:itcllitcs. ‘J’his  imK:cciiiIts  milq>li(:itcs  tiw (icvrlojIImilt  of tile c)vciail PWV
cstim;itioi]  systcm by rcquiritlg  tr:insfct  of ciata froni a sccon(i  site, :in(i bLk’2ilisc of the mutwil  visibility
iqiiirci]wnt,  pi:icc.s  furli]cr restrictioils  oil tile dv:iiiabic  site iociitioiis.

An :iltcri~:itivc  to prcdictc(i orbits is simuit~ii~cmis  cs(im:itio]i  of both I’WV v;iium  tiIICi G1’S orbi(s  in nc:ir
Ic:il time. ‘1’i]is  tcchniquc. i s  being dcvc]opcxi  in(icpc.i](ic]]tly  :IS aI1 :iltci ti:itivc  to ti]c  wi(ic arc:i :iLIg-
iuci]t:ition  sys[eim (WA AS) for comiiwrl.ial  :iircl aft i;~tl(iit]g.  ‘J’o ai~piy tilii tccilniqile to ii IIC:II Icai tiinc
I’WV cstim:dimi  syskm  siinply rcquiics tile.  iilst+iiititioi~  of surface mctccm)io~,y  SCIISOIS  :it tim (icsirtxi  rc-
ccivcr  ioc:i(ions, ‘1’iw  piiindry zi(iv;int:igc  of ti]is tecili]iqkic  ovri  tile usc of ]JI t(iictc(i  orbils is incrc:iscci  tic-
cliracy of tiw I’WV cs(imitcs. ‘1’hc  prinitlly  (i~iitvbitck  results fix)in ti)c :i(l(lc(i  coinj)icxity in (IIC aimiysis
wi)cil Cil’S orbits :irc cstimitcci  :ilonp, will] tile.  I’W\’ V:ililcs. To obt:iili  acciir:itc  orbits ii) mzir rc:ii  tiim
Wi]]  ;l]so ~Cqlli].C  (l~lllsf~;]  of ~i:lta  ill K:I]  tjl~-lc fr[)lll :1 II C(WOIl, of ri.ccivcis llI:il covci’s  [i s i g n i f i c a n t
gmgt:iphic;ii  :irc:i. 1 lowcvcr, it is just siIch a nL’t woIk li]dl M milci bc IlcccswiI  y for :issimii:it  ion of (il’S-
biisc(i  I’WV cstiiwitcs  into ]iilmcric:il  wc.:itilcl  jm’(iiclioil  aiI(i ciiim:itc  ilIOCicl~.

W C wili si]ow rcsillts ti);it cst:iblisi~ tiic :iccLIiacy  of (il’S-b:isc{i  I’WV cs(iill:i[cs  by comp:irisol~  witil  li]osc
obt:iitmi froi]l a state of the all w:itcr wiper ra(iiol]lct(~](W\71<),  W’e w’iii  siI(m’ the effect of using  pic(iicle(i
(;1’S oibits oil tile ;icclii:icy  of the rcsiiltit]~  l’\VV cstim:itcs. ‘1’ilc potc}]ti;  ll of gclicrtiting  simlilt:inmlis
G1’S orbi[s aIl(i I’WV valum in ml time is (iiscilsvxi  :itl(i  tlIc b:wic  clcinctIts  of suci) a systcm :trc  prc-
Sci)tc(i,


